To evaluate the minimally invasive percutaneous nephrolithotomy (MIP) system for renal calculi.
Introduction
Mini-percutaneous nephrolithotomy (mPCNL) was developed to treat paediatric patients with renal stones [1, 2] . These early series demonstrated equivalent stone clearance rates to conventional PCNL (cPCNL), with the added benefit of reduced blood loss. However, mPCNL was met with scepticism and uncertainty, with mPCNL reported to not meet expectations [3] . Thus, the procedure appeared to fall out of favour. This changed with the development of new technology for mPCNL, in the form of the Karl Storz Nagele minimally invasive PCNL (MIP) system (Karl Storz, Germany) [4] .
The first generation MIP system had several key features. These included single-stage dilatation, automatic continuous low-pressure irrigation, and the novel additional method of stone clearance by the 'vacuum' effect [5] . The MIP system has a 12-F nephroscope with a 6.7-F central channel, single-stage dilators and corresponding operating sheaths. In contemporary urological practice, mPCNL with the MIP system serves as an alternative to ureteroscopy (URS) for small, large and multiple renal stones and upper ureteric calculi. In Germany, China and India, uptake of mPCNL has been enthusiastic [6] [7] [8] .
In Australia, despite these advantages, including typically fewer interventions compared with flexible URS for large renal stones, the uptake of mPCNL has been slow [9] . Furthermore, the number of percutaneous procedures is declining in favour of URS [9, 10] . The aim of the present prospective analysis is to report our early Australian experience using the MIP system, discuss the specific advantages of mPCNL with the MIP system and possible reasons for the slow uptake of mPCNL in Australia.
Patients and Methods
A prospective study over a 6-month period of all consecutive patients who underwent mPCNL using the MIP system was performed. Data collected included patient characteristics, position, puncture, surgical technique, complications, and features unique to the MIP system. mPCNL was performed in either the prone or supine positions. Positioning was determined by surgeon experience and factors limiting prone positioning [11] . All patients first underwent cystoscopy and placement of a ureteric catheter, and were then either turned prone or for supine mPCNL placed directly into the Galdakao-modified Valdivia position.
Puncture was obtained with fluoroscopic guidance through the calyx that provided optimal stone access. Dilatation was performed with the MIP metal dilator and the corresponding sheath. Stones were fragmented using a 550 lm fibre and holmium stone laser or by ballistic lithotripsy. In two patients, the MIP system was electively used to gain renal access, following which the track was upsized for cPCNL, in these cases the sonotrode was required. Fragments were removed by the 'vacuum effect'. Adherent fragments were extracted by a 1.9-F stone basket or tri-radiate graspers. At the end of the procedure, a 10-F nephrostomy tube (NT) or JJ ureteric stent was placed.
All patients had a plain X-ray of the kidneys, ureters and bladder (KUB) and nephrostogram. Stone clearance was estimated via nephroscopy at the end of the procedure and by postoperative CT KUB. Nephrostomy tubes were removed when no second look procedure was needed. JJ stents were removed by flexible cystoscopy 2 weeks later. A complication was defined as any adverse event occurring within 30 days, and graded by the modified Clavien-Dindo classification system [12] .
For comparison of our data to other contemporary mPCNL studies, a Medline, EMBASE and PubMed search was performed for observational studies reporting data on mPCNL. In all, 97 articles were found, with authors from China, Egypt, France, Germany, India, Japan, Korea, Nepal, Spain, Turkey and the UK. Eligible articles were written in English, contained samples of >100 mPCNL procedures performed on adult patients, reported at least one of stonefree rate (SFR) or complication rate.
Results

Patient and Stone Demographics
In all, 30 patients underwent 32 mPCNL procedures; 10 (33%) patients were female and 20 (67%) were male. The median [interquartile range (IQR)] age was 51.5 (42-61.25) years. The median (IQR) American Society of Anesthesiologists (ASA) grade was 2 (2-2). In all, 15 procedures were left-sided, 13 right-sided, and two patients underwent bilateral mPCNL. The median (IQR) number of renal stones was 1 (1-2). The median (IQR) stone size was 17 (10.75-21.25 ) mm. Calculi were located in the renal pelvis in 18 (56.25%) patients, lower pole in seven (21.8%), lower pole and ureter in one (3.1%), upper pole in three (9.3%), and mid-zone in three (9.3%) ( Table 1) .
Access and Instruments
In all, 27 (84.3%) mPCNL cases were performed in the prone position and five (15.7%) patients were positioned supine to avoid airway complications or because anatomical deformities prevented prone positioning. Renal access was achieved with a single puncture in 30 (93.75%) cases, while two (6.25%) patients needed a double puncture. Access was achieved via the lower pole in 24 (75%) cases, mid-zone in four (12.5%), and upper pole supracostal puncture was required in four (12.5%) cases. A 12-F sheath was used in one (3.1%) case, 16.5-F in 27 (84.3%) and 22-F in two (6.3%). In two (6.3%) cases of planned cPCNL, the MIP system was necessary to gain access. In both cases, a wire could not be placed down the ureter. Instead, the wire was coiled in a diverticulum or obstructed calyx and the 16.5-F dilator and sheath was used to gain access, which was then upsized to 28 F (Table 2 ).
Fragmentation and Drainage
The pneumatic lithoclast was used for stone fragmentation in 14 (43.75%) cases, a holmium laser in 16 (50%) and ultrasonic fragmentation in two (6.25%) cases where the track was upsized. Stone fragments were removed using the 'vacuum effect' in 30 (93.75%). Additionally, a tipless basket was used in 18 (56.25%) cases and tri-radiate graspers in 12 (37.5%). The median (IQR) operative time was 50 (40-82) min. The operative time was related to stone size, with larger stones taking the most time to clear (Fig. 1) . The median (IQR) stone clearance rate is 96.5 (95-100)%. A nephrostomy tube was placed in 24 (75%) renal units. A tubeless procedure was perfumed in eight (25%) procedures and instead a JJ stent was placed. The median (IQR) inpatient stay was 2 (2-3) days (Table 3) . Complications Three (9.3%) patients developed complications. One patient developed cellulitis at the nephrostomy track requiring oral antibiotics. This occurred due to urinary extravasation because of an extruded nephrostomy tube. A second patient had bleeding related to puncture, but did not require transfusion. The third patient became septic and was admitted to intensive care, this occurred despite preoperative i.v. antibiotics. Two (6.25%) patients required further procedures to achieve complete stone clearance. One patient required a semi-rigid URS for ureteric stones and the other patient required a flexible URS to clear residual renal calculi (Table 4) .
Discussion
A mPCNL is defined as a PCNL performed through a track of ≤22 F [13] . It was initially developed in the early 1990s [1] . Webb et al. [2] were the first to report mPCNL in a study of 60 paediatric patients who underwent PCNL using a 16-F sheath and 11-F Storz paediatric 'STING' cystoscope. However, the first report in the literature that uses the term 'mini-perc' is attributed to Jackman et al. [14] who performed mPCNL in adults through a 13-F URS sheath. Despite mPCNL being associated with reduced blood loss and excellent stone clearance rates [15] [16] [17] , mPCNL fell out of favour [3, 18] . This may be because most mPCNLs were performed with instruments not designed specifically for the procedure. The introduction of the MIP system has changed this, being specifically designed for mPCNL with a continuous low-pressure system [4] .
In the present study, we evaluated the MIP system in consecutive patients. We have shown that the system is associated with an excellent stone clearance rate and to be associated with minimal complications comparable to internationally reported mPCNL outcomes. Table 5 shows the outcomes of all mPCNL series with >100 patients that we identified from our literature search. In addition to these key findings, we also learned that that MIP system has additional advantages over cPCNL and flexible URS, particularly with regard to patient positioning, track creation, and operative technique.
Firstly, patient positioning is more flexible than URS and at least as equally flexible as cPCNL. mPCNL with the MIP system can be performed in both the supine and prone positions. Limited flank exposure and subsequent restricted instrument movement is a well-known disadvantage of supine cPCNL [19, 20] . However, we did not experience this restriction with any patient position, which we think is due to the compact design of the MIP nephroscope.
Secondly, the creation of renal access and the track is straightforward. The MIP single-stage dilator requires fewer steps than cPCNL systems, such as the Amplatz serial dilators. As for cPCNL, simple rotation during advancement of the dilator under imaging guidance allows controlled access. Three sizes of mPCNL dilator and sheath are available, allowing the surgeon to select according to preference. In two patients in our series, a mid-zone puncture was performed; this gave access to the entire kidney and proximal ureter (Fig. 2) . Our previous experience is that this is not possible with cPCNL.
From extensive experience with supracostal puncture in patients with spinal cord injury, we know that that supracostal renal access and dilatation can be problematic [21] . This is because the dilator and sheath are often wider than the intercostal space and that the Amplatz sheath can bend. However, in the present series, the narrower and more robust metal MIP sheath passes between the ribs smoothly and angles downward easily without bending (Fig. 3) . Thus we feel the MIP system should be considered for supracostal renal access.
Finally, while using the MIP system we noted multiple intraoperative features that are unique. These include its learning curve, picture quality, stone fragmentation, stone clearance, upper ureter access, gaining access for cPCNL, and track closure. We consider that the MIP mPCNL technique is straightforward for a surgeon experienced with cPCNL. For those with lesser experience, the MIP system is an excellent tool with which to learn cPCNL, with the smaller dilators providing reassurance of less trauma and bleeding. For those who are complete novices to PCNL, the MIP system can easily be adapted for low-fidelity box trainers, animal and cadaveric models [22] , Indeed, a porcine kidney model has been described to provide realistic and reproducible practice for percutaneous renal surgery in the training laboratory [23] .
Intrarenal vision is exceptional with the MIP system. The 12°H opkins rod-lens telescope provides excellent vision that improves the subjective experience for the surgeon.
Stone fragmentation with the MIP system is possible by laser or ballistic lithotripsy. High-frequency low-energy 'dust' settings are preferable [24] . This reduces the stone to grit that washes out easily. When stone fragments remain, several methods of stone retrieval are possible. The 'vacuum effect' is the preferred first method. The vacuum effect utilises a hydro-dynamic phenomenon occurring during low-pressure continuous-flow PCNL, where stone fragments in front of the nephroscope are removed in the irrigation stream [25, 26] . For adherent calculi, a 1.9-F nitinol tipless basket and the tri-radiate graspers supplied with the MIP remove fragments easily.
The MIP nephroscope, due to its small size, passes easily in to the proximal ureter and is particularly well suited for the antegrade treatment of proximal ureteric stones (Fig. 4) . The MIP system can also be used to gain access in patients in whom cPCNL is planned. In two cases, we could not navigate a wire under vision down the ureter. Instead, the wire was curled in a diverticulum and obstructed calyx. The smaller dilators of the MIP system gave the reassurance to dilate onto the curled wire. When access was gained, the MIP nephroscope then facilitated passage of the wire down the ureter. To upsize to cPNCL, the sheath is simply removed over the wire, then the larger dilator is inserted and the appropriate Amplatz sheath is placed. Finally, we noted that when we performed tubeless mPCNL with the MIP system that the MIP skin wound only needs a simple steri-strip for closure.
Considering these benefits of mPCNL with the MIP system, its slow uptake in Australia is surprising. The most recent published data has shown that the use of PCNL is decreasing © 2017 The Authors BJU International © 2017 BJU International 43 [9] . We think this is related to the perceived morbidity of PCNL, the relative lack of exposure amongst urologists in Australia to percutaneous puncture and competing enthusiasm for URS. Historically, PCNL had significant morbidity [27] . The advent of ESWL and great improvements in URS technology promoted the global trend towards these less invasive methods [28] [29] [30] . Australia has been no exception, with a recent study reporting a 45% decrease over 6 years in the proportion of stone surgery using PCNL [31] . This decline in PCNL decreases the confidence of existing urologists in choosing this procedure and particularly of trainees. This was evident in a North American study of urologists' practice logs, with decline in individual PCNL use inversely proportional to duration of career [32] . This decreased practice with puncture then becomes a negative spiral. We hope the present study may counter this trend by promoting greater consideration of mPCNL. While puncture is technically demanding, subsequent percutaneous nephroscopy is easy, and second nature to the urologist. 
Conclusion
In addition to minimal bleeding and excellent stone clearance, mPCNL has several features that suggest it should be considered as an alternative or adjunct to cPCNL, URS, and ESWL. These include safe supracostal puncture, excellent access to nearly all calyces and upper ureter, suitable for large stones, and effective in both supine and prone position. We believe surgeons performing cPCNL and URS should consider mPCNL for select patients.
